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Abstract 
This paper describes the tests of accuracy in order to adapt Planar Laser Induced Fluorescence (PLIF) to various 
viscous fluids. It describes the influence of increasing viscosity parameter on fluorescence intensity in case of using 
Rhodamine B dye and Argon-ion laser illumination. It allows concluding what are the influences of the tested 
illumination laser intensity, Rhodamine B dye concentration levels, temperature and viscosity on fluoresced intensity. 
The different tests allow separation of influence of the above cited parameters. Temperature is controlled and 
modified with the help of a water bath whereas mixtures were enclosed in 3.5ml glass cells.  
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1. Introduction  
Laser induced fluorescence (LIF) in liquid has been used for quantitative measurements of 
concentration field, temperature fields or pressure fields for more than 20 years. It is applied to increasing 
complex situations as for example dispersion of pollutants [1]. The most common fluorescent dyes are the 
Rhodamine (B or 6G) and the fluorescein (sodium or dichloro) dyes. They are well described in the 
literature [2]. Furthermore several limitations are well described in the litterature. The most important are 
the photobleaching [3], the photoblooming [4] and the pH blocage[2][5]. But as far as we know, few 
works describe the effect of viscosity variations on fluorescence. Consequently, we test different 
parameters which influence the fluorescence intensity level in order to further use PLIF for quantitative 
measurements for mixing phenomena. In our case we chose glycerol in order to obtain mixtures from 1 to 
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200 mPa.s for some mixing phenomena studies.  
2. Experimental procedure 
 
Fig. 1. Experimental set-up apparatus: a) thermo-controller, b) sheet of light of 16m high, c) glass tank with water, d) mirror, e) cell, 
f) semi-reflective mirror, g) mirror, h) portion of the sheet of light, i) power-meter, j) Argon-ion laser, k) macro-magnetic stirrer 
2.1. Laser and Fluorescence 
Illumination is obtained with a continuous Argon-ion laser light having a power of 2 W. The 
wavelength 0 is equal to 515 nm. The CCD camera allows recording the fluoresced intensity emitted 
from the cells by the Rhodamine B dye. To provide a sheet of light passing along a vertical plane at center 
of the cell, the laser beam is swept by an oscillating mirror. At the exit of the laser the beam is focused by 
a system of convex lenses allowing a laser sheet with a thickness of 200 m. Here the conditions are 
chosen in order to neglect the absorption. Thus at a given point of the recorded and digitized image at 
instant ti, we have the following relationship between If(x, y, ti), the fluoresced intensity recorded by the 
CCD camera, and Cf(x, y, ti) the real concentration: 
If(x, y, ti, F) =α I0 Cf(x, y, ti)                                                                                                              (1) 
The initial illumination is I0. We used the CCD camera and the concentration species in order to have a 
linear relationship between If(x, y, ti) and Cf(x, y, ti). Thus for the present experiment, Cf(x, y, ti) is always 
lower than 5. 10-5 g/l in order to avoid absorption [6]. 
2.2. Temperature and viscosity controls 
The viscosity varies extremely rapidly as a function of temperature. Our measurements were 
temperature controlled. We used a glass box containing water and a thermocontroller. Every cell 
contained a micro-barrel PTFE of 3*6 mm size and was completely immerged inside a water bath for half 
an hour before the experiment. The cells were sealed with Teflon plug and black scotch to avoid noise 
reflection and leaks. Viscosity was measured previously as a function of the volume percentage of water. 
2.3. Background corrections 
As noted just above we used a cell with pure water in order to record in the same condition as the other 
cells the background level which is subtracted from the fluorescent signal recorded on the CCD camera. 
During the experiment the cells were always in a black environment without light in order to avoid any 
photo-degradation and to limit background noise. 
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3. Results and discussion 
3.1. Intensity and concentration effects 
The value of the I0 illumination intensities were 0.5 W, 0.75 W, 1W and 1.4 W. We used so small 
energy mainly in order to avoid thermoeffect reducing not only fluorescence but also the local viscosity. 
In order to obtain different fluid viscosities we have 2 fluid mixtures of glycerol and water and pure water. 
We have here F2 which names the fluid corresponding to the mass mixture of 90% of glycerol and 10% 
of water. The 50% mixture corresponds to the mixture of 50% of water and 50% of F2.  
We have plot here the results as a function of If/I0 in order to enhance the linear comportment whatever 
be the intensity in the range chosen. It can be shown on figure 2 that we obtain a linear behaviour for 
every illumination intensity. This is now a classic result largely used to allow concentration 
measurements of scalar mixing with LIF or PLIF with Argon-ion laser light. 
 
Fig. 2. Fluoresced intensity recorded as a function of concentration levels and illumination  intensity for the 3 solutions 
Viscous fluids and Rhodamine B dye can be used for quantitative concentation measurements of scalar 
mixing phenomena. The interesting point is the linear comportment of such viscous solutions.  
3.2. Viscosity effect 
From the first results we can plot the fluoresced intensity as a function of viscosity for different 
illumination intensities. Figure 3 shows that we have a logarithm comportment. This is true for our range 
of illumination intensities. 
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Fig. 3. Fluoresced intensity as a function of viscosity for different enlightment intensities for concentration 5 and 2.5 10-5 g/l. 
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We can deduce that we have the following relationship: 
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between the viscosity, the fluoresced intensity, the illumination intensity and the concentration level. If a 
matching of refractive index could be done in case of mixing flow with water and F2 fluids, as in Webster 
and Longmire [7], measurements of viscosity could be given. 
3.3. Temperature effect 
As we have indicated above we have controlled the temperature because glycerol viscosity is very 
sensitive to temperature changes. To demonstrate such influence on fluoresced intensity, we have 
performed the variation of temperature for F2 and 50% mixtures and for pure water. For each case we 
have also chosen 3 different concentration levels of Rhodamine B: 5. 10-5 g/l, 2.5 10-5 g/l and 1. 10-5 g/l. 
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Fig. 4. Comparison of temperature dependance of the three solutions 
The different works of the litterature reported fluoresced intensity decreasing from 2% to 5% per °C. 
As the fluoresced intensity is largely dependent on concentration levels and intensity levels, an exact 
comparison between works is difficult to perform. Nevertheless the order of variation corresponds to the 
present work. The figure 4 shows that the temperature dependance of F2 and 50% are linear as for the 
pure water mixture for any chosen concentration levels. 
4. Conclusion 
The Rhodamine B dye can be used with Argon-ion laser and various mixtures of water and glycerol 
for PLIF quantitative concentration measurements for mixing flows. We have shown that the fluoresced 
intensity behaviour is as a linear one as a function of concentration dye levels whatever are the 
illumination intensity levels. 
Furthermore, we have shown that the temperature has also an interesting influence for PLIF use as the 
dependance is linear for the three chosen fluids. This allows having viscosity from 1 to 200m Pa.s usable 
for PLIF measurements. 
References 
[1] Vinçont J-Y, Simoëns S, Ayrault M, Wallace J. Passive scalar dispersion in a turbulent boundary layer from a line source at 
687X.H. ZHANG et al. / Procedia Engineering 28 (2012) 683 – 687 Author name / Procedia Engineering 00 (2011) 000–000 5 
the wall and downstream of an obstacle, J. Fluid Mech. 2000, vol. 424, p. 127-167. 
[2] Walker D.A. A fluorescence technique for measurements of concentration in mixing liquids. J. Phys. E., Sc. Instrum. 1987, 
20, p. 217-223. 
[3] Saylor J.R. Photobleaching of disodium fluorescein in water. Exp. in Fluids 1995, 18, p 445-447. 
[4] Wang G.R. and Fiedler H.E. On high spatial resolution scalar measurement with LIF. Part 1 and 2, Exp. in Fluids 2000, 29, p 
257-264, 265-274. 
[5] Melton L.A. and Lipp C.W. Criteria for quantitative PLIF experiments using high-power lasers. Exp. in Fluids 2003, 35, p 
310-316. 
[6] Simoëns S. and Ayrault M. Concentration flux measurements of a scalar quantity in turbulent flows. Exp. in Fluids 1994, 16, 
p 273-281. 
[7] Webster D.R. and Longmire E.K. Jet pinch-off and drop formation in unmiscible liquid-liquid systems. Exp. in Fluids 2001, 
30, p 45-56. 
